Objectives: To develop and standardize a technique for measuring nasal nitric oxide (NO) output in children and to determine normal values in this population. Study Design: Prospective study evaluating a new technique for measuring nasal nitric oxide in a cohort of normal patients and a cohort of patients with nasal disease. Methods: Nasal NO was measured using an aspiration technique, aspirating room air through the nasal cavities by means of a Teflon nozzle placed in one nasal vestibule while maintaining velopharyngeal closure using a party "blow-out" toy Results: Nasal NO measurements were performed in 45 children (mean age, 11.0 y; age range, 3.2-17.6 y) There were 20 girls and 25 boys. All children were able to perform the maneuvers necessary for measurement of nasal NO output. Among the subgroup of normal healthy children (30), there was considerable variation in NO output between subjects, with a mean NO output of 481 nL/min and an SD of 283 nL/min. Conclusions: Nasal NO can be readily measured in children using the presented technique. There is considerable variability in the values for nasal NO output in normal children.
INTRODUCTION
There is tremendous interest in the potential clinical applications of measuring airway nitric oxide (NO). These applications include the diagnosis and monitoring of asthma, allergic rhinitis, and mucociliary disorders. Because measurement of nasal NO is noninvasive, this lends itself to be an attractive test for use in children. Although many studies have evaluated different methods for measuring nasal NO in adults, there is a paucity of comparable data from children. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] A particular difficulty in measuring nasal NO in children is in obtaining the necessary cooperation for complex tasks such as velopharyngeal closure, which in adults is achieved by blowing against a resistance. Closure of the velopharynx prevents contamination by air from the lower airways. 14, 15 This maneuver must be maintained for a minimum of 10 seconds to obtain an accurate measurement of maximal NO output. Children find it difficult to sustain this airflow; in addition, this is compounded by their higher FEV1/TLC (forced expiratory volume in first 1 sec/total lung capacity). Therefore, the present study was designed to evaluate a new, simple technique for measuring nasal NO in children and to determine normal values.
PATIENTS AND METHODS

Patients
Forty-five children were recruited to the study from patients or their siblings or friends attending an otolaryngology clinic. There were two distinct groups, normal healthy control subjects and patients with inflammatory disease affecting the airway, including cystic fibrosis, allergic rhinitis, chronic sinusitis, and an antrochoanal polyp. There were 20 girls and 25 boys (mean age, 11.0 y; age range, 3.2-17.6 y). In the two distinct groups, the normal healthy group with no nasal disease consisted of 30 children, and the group of 15 patients consisted of 9 children with cystic fibrosis, 3 with allergic rhinitis, 2 with chronic sinusitis, and 1 child with antrochoanal polyp. Informed consent was obtained, and the study received approval by the Research Ethics Board at the Hospital for Sick Children (Toronto, Ontario, Canada).
Nitric Oxide Measurement
Nitric oxide was measured using a rapid-response chemiluminescent NO analyser (Sievers 28-0, Boulder, CO). The sampling flow rate was 0.2 L/min. Calibration of the equipment was performed twice daily using 100% nitrogen to zero and then with an analyzed standard gas (NO, 1.3 ppm, Praxair, Mississauga, Ontario, Canada) for the span of the study. The NO signal output was sent to a computer data acquisition program (DasyLab for Windows, DasyTec, Amherst, NH), which displayed real-time measurements. Nitric oxide concentration was measured using a data analysis program written in-house in Microsoft Visual Basic. The NO output was calculated by multiplying the NO concentration by the aspiration flow rate (3 L/min).
Sampling of Nasal Nitric Oxide
Nasal NO was measured using the aspiration technique as previously described for adults by Qian et al. 16 A Teflon nozzle was placed in one nostril. This was connected to an adjustable vacuum pump, which was set at an aspiration flow of 3 L/min. From a side port a sampling tube was led to the NO analyser. The subjects were asked to blow into a party toy, keeping it inflated until a maximum plateau NO level was reached (Fig. 1A-C) . This sustained inflation of the party toy provided indication and biofeedback that palatal closure was achieved. This maneuver was repeated at least three times, and the average NO concentration was recorded.
RESULTS
Of the 45 children, all were able to cooperate with the test and had no difficulty maintaining palatal closure. Because the results were obtained "online," it was possible to detect whether there was a leak by a sudden drop in NO concentration resulting from contamination from the lower airway. While the party toy remained fully extended, no leak was detected.
The mean nasal NO output for the normal group was 481 nL/min with a median output of 458 nL/min (Table  IA) . There was considerable intersubject variability with an SD of 283 nL/min and a coefficient of variation of 58%. There were two normal control subjects with high levels of nasal NO; interestingly, they were siblings. The results for the children with nasal disease are shown in Table IB .
DISCUSSION
The techniques for measuring airway NO have recently been subject to critical evaluation by a workshop sponsored by the American Thoracic Society in 1998, the report of which was published as the official statement of the American Thoracic Society in 1999. 15 The recommended technique for measuring nasal NO at this workshop was the aspiration method that was adopted for the present study. The critical maneuver in this method is to ensure that the velopharynx remains closed, separating the nasopharynx from the oropharynx (Fig. 1C) and thus avoiding contamination of lower-airway NO. 14, 15 In adults, this is best achieved by slowly blowing against a resistance of at least 10 cm H 2 O. Although in adults this is a relatively easy maneuver to perform, it is more difficult in children, particularly in the younger age group. In most studies on children, nasal sampling has been per- *NO measurement taken at flow rates less than 3 L/min as these patients were unable to tolerate higher flow rates.
formed during mouth breathing. [17] [18] [19] Other workers have adopted a breath-hold maneuver with a closed glottis to achieve velopharyngeal closure in children as young as 5 years of age. 20 In all these studies, there has not been a standardized aspiration flow that is used to sample nasal NO, the sampling flow rate from the analyser being used instead (Table II) . [17] [18] [19] [20] [21] [22] [23] Generally, sampling of NO from the nasal airway has been performed by placing the sampling tube of the analyser within the nasal cavity, using aspiration flow rates of less than 1 L/min. It has been shown in adults that nasal NO output is flow dependent at aspiration flow rates of less than 3 L/min. 14 -16 Qian et al. 16 demonstrated in children that at aspiration flow rates of 1.2 L/min it was not possible to achieve a steady NO plateau, also suggesting that in children NO output is flow dependent. In all the studies performed in children, the flow rates used have been lower than 1.2 L/min, [17] [18] [19] [21] [22] [23] raising concerns about the validity of these measurements. A summary of the studies performed in the literature is summarized in Table II . As can be seen in Table II , there is considerable variation in the values recorded for normal children, and this may reflect the low flow rates used. In the present study, we chose to use the same flow rate (3 L/min) as in adults. This was tolerated by almost all of the children, except for three with nasal polyps who found the sensation uncomfortable at this flow rate. Interestingly, we also found considerable intersubject variability in NO output, as has been noted in both children and adults. In our study, we were surprised to find that two subjects with high NO values were siblings and of African origin. The sample size of our population group was insufficient to determine whether there were any specific racial patterns, but it would be interesting to examine both racial differences and familial differences in future studies.
Unless there are marked differences in NO output, it is difficult to reach any conclusions about differences in disease states compared with normal children. Exceptions include cystic fibrosis and mucociliary dyskinesias in which NO output is low or virtually absent. Considering this intersubject variability, clinical applications of NO measurements are likely to be limited to monitoring disease states and their treatment. Currently, the use of NO in lower airway disease has been focused on the diagnosis and the monitoring of asthma control. Similar applications could be found in nasal disease.
The only large series reporting normal values of NO is a study performed by Baraldi et al. 17 with 158 subjects. However, the values reported in that series are much lower than our study has found. This is surprising because one would expect the values to be higher because of the lower sampling flow. In the study of Baraldi et al., 17 children were asked to mouth breathe gently during nasal sampling. It is possible that contamination from the lower airways led to the lower values.
CONCLUSION
We found that the technique we have developed for maintaining velopharyngeal closure was easy to perform and well tolerated in children as young as 3.2 years of age, and we recommend its use in this population group. 
